The index of refraction of fused quartz glass was determined for 24 wavelengths from 0.34669 to 3.5078 microns, using the minimum deviation method. The whole range is covered with a single instrument. The variation in index between samples was determined and no definite variations in dispersion were observed. Possible relations between purity and index are discussed.
INTRODUCTION
THE physical and optical properties of fused T quartz glass make its increased use in the optical industry highly desirable whenever it can be readily produced in optical quality. In composition it is definitely reproducible as compared with optical glasses, it is extremely stable, and its coefficient of thermal expansion is remarkably low. Its transmission limits, both in the ultraviolet and the infrared, are nearly the same as for the crystalline material and in addition it is free from double refraction.
The refractive index of fused quartz glass has been investigated in the ultraviolet and visible regions by Gifford and Shenstone and by Trommsdorff. These data, together with some indices by other observers, are referenced, compared, and analysed by Sosman.
1
For the infrared region some indices of fused quartz have been computed from reflection data but experimentally determined data seem limited to 3-decimalplace values. 2 Very little precise and self-consistent information has previously been obtained by use of identical procedures for different wavelength regions and for different specimens.
SAMPLES
Seven prisms of fused quartz glass were used in this investigation. One was made over twenty years ago from fused quartz glass produced by the General Electric Company. Its indices in the visible region and its degree of homogeneity were carefully investigated' and it is used as a refractive-index standard for the precise calibration of refractometers. A second prism was made of domestic fused quartz glass of recent origin, also produced by the General Electric Company. Two other prisms A and B were made from the product of the Heraeus Company in Germany and obtained by Dr. Stanley S. Ballard who made them available for this investigation. A fifth prism was made by grinding and polishing windows on the periphery of a 6-inch disk recently manufactured by the Nieder Fused Quartz Company, Babson Park, Massachusetts. Another prism was made by placing windows on the periphery of a cylinder of Heraeus fused quartz (sample C) approximately four inches long and two inches in diameter. The seventh sample was made available by the Corning Glass Works, it is known to have extremely good ultraviolet transmission characteristics but has a stronger absorption band around 2.6 microns than the other samples. All seven specimens were of near optical quality and free of noticeable striae and bubbles, except the disk which has considerable striae. Even in this case, however, precise data were obtainable.
INSTRUMENTS
The Watts precision spectrometer was used for the visible region and the Gaertner precision spectrometer for the ultraviolet and infrared. Descriptions of these instruments, with photographs, are given in previous publications by the authors. 4 
'
5 On both instruments the minimum-deviation method, with its desirable features of high accuracy and simplicity of index computations, was used.
The spectra used in these measurements were the mercury and cadmium emissions for wavelengths out to approximately two and one-half microns and the absorption bands of polystyrene beyond this region to approximately three and one-half microns.
A more detailed discussion of the instruments and procedure will appear in the Journal of Research of the National Bureau of Standards.
DATA
On the Heraeus prisms A and B, index determinations were made at or very near 240 and 31C. The average temperature of the room was controlled within 4h0.2 0 C and was determined frequently by means of a thermometer having its bulb near the prism. Temperature coefficients were then computed and small corrections GThis is a modification of a formula adjusted by Rudolph Kingslake (private communication)'to fit some of our preliminary and the goodness of fit of the formula is shown by the small residuals, (B-c), as tabulated in Table I and by their nearly random distribution. The predominance of negative residuals for the regions 3 to 3.5g indicates that further improvement can be made. However no least squares solution was attempted because at X=3.4188, where the maximum negative residual was obtained, there is observational uncertainty because of the very broad nature of this absorption band which tends to make the wavelength of the minimum difficult to determine. Note that a positive residual was obtained for the Corning prism at this wavelength (last column Table I ).
In order to compare the indices for the various prisms, the indices as computed by formula (1) have been subtracted from all others. These differences are listed in Table I . It will be noticed that the Heraeus, Nieder, and Corning samples agree in general in refractivity with the data of Trommsdorff and of Gifford. Gifford's data were taken on the fused quartz glass made by Gifford and Shenstone with particular attempts at purity of material. It seems that the Heraeus B and Corning samples may possibly be the more free of traces of other substances, since the common basic impurities would tend to make the index higher. The possible effects of other impurities cannot of course be altogether ignored. On this assumption of relative purities it seems possible that formula (1) and the first column of Table I A mechanical device is described that performs automatically the laborious task of reducing a microphotometer spectrum trace to a spectral intensity curve. In performing the conversion the microphotometer trace, divided into sections, is contact printed onto sensitized material using a narrow slit light source and moving the trace and photographic material at different rates of speed past the slit. The slit is parallel to the wavelength axis and, in effect, scans along the density axis. The photographic material moves at constant speed, while the motion of the trace is controlled by a cam whose shape is essentially the photographic characteristic curve. The density curve is converted to a curve of log intensity in one step, and a second step is used to convert to linear intensity. Other uses of the device are suggested.
INTRODUCTION
THE most tedious and time consuming operation in photographic spectrophotometry is the conversion of photographic densities into intensity values by means of the photographic characteristic curve. This problem is particularly acute where a large number of intensity determinations must be made from a single film or plate, as in the conversion of a microphotometer tracing of a spectrum containing many lines, to a plot of the intensity distribution in the spectrum.
The usual process of transforming microphotometer tracings into intensity curves begins by tabulating density values at as many wavelengths as are required to reproduce the detail in the tracing. The density values are next converted to intensities by referring each one to the photographic characteristic curve for the particular wavelength region involved. The characteristic curves, of course, have to be determined for the particular emulsion, wavelength range, processing conditions, and so forth, which apply to the spectrum photograph under study. Finally, the completed table of intensity values is plotted against wavelength. This procedure is quite tedious and time consuming in the case of microphotometer tracings of very complex spectra, and especially so when it is desirable to preserve accurately the detail and line profiles. Although none of these steps can be avoided, several instruments have been developed for performing them more or less automatically. Mechanical devices have been described by Beals' and by Weissler, Einarsson, and McClelland, 2 for carrying out the reduction semi-automatically. In both devices it was necessary for the operator continuously to make a manual adjustment somewhat of the nature of curve following. In the case of complicated curves this manual operation would be quite tedious and would have to be carried out at a rather slow speed to avoid error. Several microphotometers have been described which read directly in intensity. The Williams and Hiltner direct intensity microphotometer 3 employs two beams of light which are used to compare the spectrogram with a specially prepared two-dimensional calibration spectrogram. Minnaert and Houtgast 4 have described an attachment for the Moll microphotometer which produces a direct-intensity trace. This device requires an opaque mask whose edge is cut in the form of the photographic characteristic curve. The signal from the microphotometer photocell is fed into a galvanometer which sweeps a narrow beam of light across this mask. The light which passes the mask strikes a second photocell which actuates the recorder. More recently Brown and Birtley' have described an instrument which pro-
